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(54) Ultra-clean transport carrier 

(57) A transport carrier for transporting x-ray masks, 
wafers and the like, from an ultra-clean environment to 
another through a lesser clean environment. The appa- 
ratus comprises a box that is sealed from the outside by 
an access door, one or more fans, at least one air filter, 
rechargeable batteries or a continuous voltage supply 
for powering the fans. It also includes a damper mecha- 
nism for maintaining a positive air pressure when the 
access door opens. The damper also secures recircu- 
lating air inside the box when the door closes. The recir- 
culating air is continuously cleaned at a rate of 2,000 
times/minute. The air filter is placed horizontally, prefer- 
ably, over a frame facing the product to be transported 
to ensure a continuous smooth, laminar flow. 
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Description 

FIELD OF THE INVENTION 

This present invention relates to a transport carrier 
providing an ultra-clean environment to sensitive prod- 
ucts being moved from one ultra-clean area to another 
ultra-clean area while passing through a lesser clean 
area, and the storage of these products in less clean 
areas. 

BACKGROUND OF THE INVENTION 

In line with the ever increasing density and com- 
plexity of semiconductor integrated circuits brought 
about by the advent of ULSI (Ultra-large-scale-integra- 
tion), circuit patterns sizes used in the manufacture of 
integrated devices continue to decrease to sub-micron 
sizes. Accordingly, contamination by particles and 
chemicals generated during the manufacturing of these 
integrated devices cause serious reliability problems 
which potentially can have a negative effect on yields. In 
order to forestall problems of this nature, ULSI circuits 
are commonly manufactured in a clean room environ- 
ment, wherein the level of particulate and chemical con- 
taminants allowed to be present is a function of the 
groundrules used by a given technology. 

Ultra-clean environments are particularly important 
to proximity X-ray semiconductor lithography, optical 
semiconductor lithography, pharmaceutical and surgical 
device manufacturing, and other such industries requir- 
ing high levels of cleanliness. 

In the area of semiconductor lithography, X-rays are 
used as the light source for making very small (e.g., 
sub-0.25 micron) features using the technique of prox- 
imity printing, wherein photomask and semiconductors 
are placed in close proximity of each other before the 
exposure us made. The space, or gap, between the 
photomask and semiconductor wafer may be as small 
as 5 micrometers frim) (a human hair is approximately 
75 jim in diameter). The photomask consists of a thin 
membrane (typically 2 to 5 \im thick) that is extremely 
fragile. This membrane will break if a particle larger than 
the photomask/wafer gap were to be present, or allowed 
to enter the photomask/wafer gap. The danger of mem- 
brane breakage requires that masks and wafers remain 
in an ultra-clean environment at all times. The fragility of 
the membrane also precludes the use of most cleaning 
techniques, thus emphasizing the need for preventing 
contamination from occurring. 

For optical lithography, wherein photomask and 
wafer gaps are substantially larger, cleanliness is still a 
concern to obtain high chip yields on wafers. As fea- 
tures shrink in size, cleanliness of the environment 
becomes more important as the effect of contamination 
becomes more noticeable on semiconductor wafer 
yields. 

In the medical field, cleanliness is essential to pro- 
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vide a sterile environment for pharmaceutical and surgi- 
cal device manufacturing. Particulates can act as 
microbial carriers which can generate complications 
during the healing process. Accordingly surgical suites 
5 are built today as clean rooms. 

Because clean room construction and maintenance 
costs have increased significantly while the clean class 
has decreased (e.g., from ciass i.OOO to ciass 1 and 
better), industries sensitive to contamination have grav- 

10 itated towards building facilities at a higher class (i.e., 
less clean) and subsequently using lower class (i.e., 
cleaner) mini-environments around the tooling for pro- 
tecting the product. A problem arises when .the product 
requires to be transported from one clean work station 

is to another passing through a less dean area, which 
exposes the product to an unacceptable level of con- 
taminants. 

Transport carriers of products requiring a clean 
environment may take several forms, shapes and 
20 dimensions. They may be specially designed carts 
and/or wheeled containers or they may be hand carried 
transports. 

Following are several examples of representative 
prior art transport containers: 

25 Described in U.S. Patent No. 4,804,086 to Gro- 
hrock, is a carrier provided with an interchangeable 
inside compartment with one or more filter elements 
that ensure a particle-free air pressure equalization 
between inside and outside the carrier (i.e., if the outer 

30 pressure exceeds the inner pressure, air entering the 
box is forced through the filter). As such, no active air 
(i.e. forced air flow) filtration is provided. To remove the 
product, the container needs to be opened. This is 
achieved by separating the bottom element holding the 

35 product from the top cover, exposing the inside of the 
container to contaminates in the environment or con- 
taminates on the clothing of the person reaching into the 
carrier to remove the product. 

Described in U.S. Patent No. 4,666,479, to Kikuchi 

40 Shoji, is a semiconductor wafer container having an air 
filter for removing particles from the air, and allowing air 
to pass through a body of the container, equalizing th 
pressure within and without the container. Although the 
container is described without active air filtration, the f il- 

45 ter allows air pressure to be effectively equalized inside 
and outside the container. No means are provided to 
prevent outside contaminates from entering when th 
container is opened or contaminates on the clothing of 
the person reaching into the carrier to remove the prod- 

50 UCt. 

In U.S. Patent No. 4,770,680, issued to Akira Mach- 
ida, et al., air from the outside is drawn into the con- 
tainer through a filter, passing through the product 
before exiting the transport. Only "once through" active 
55 air flow (i.e., air entering the container, exits the con- 
tainer without recirculating) is provided, although no 
*; physical isolation or protection of the product from the 
f. environment is present. 
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In another example, in U.S. Patent 4,609,103 to 
Bimer, the top opens up, exposing the product to the 
environment which allows contaminants to penetrate 
the box. It provides only stagnant air (i.e., not recircu- 
lated) to the product, wherein the filter mainly acts as a 5 
pressure equalizer between the inside and the outside 
of the box. Unfortunately, the reverse does not hold true, 
leaving the product exposed to contaminants when the 
door opens. In this example, there is provided a con- 
tainer that has no active air filtration other than an air f il- 10 
ter for equalizing air pressure inside and outside the 
container. Contaminates are allowed to enter when the 
container is opened or contaminants falling from the 
clothing of a person reaching into the carrier to remove 
the product. is 

State of the art -clean transport containers are typi- 
cally provided with one or several features which are 
best described with reference to FIG. 1. Shown is a 
schematic diagram of a clean wafer transport cart pro- 
viding a dean environment to wafers that need to be 20 
transported from a first clean room to a second, passing 
through a less clean area. 

The cart delivers air at a rate of 100 rpm, filtering 
particles to a size of 0.12 micron by means of a HEPA 
filter 1 . A top enclosure 2, preferably transparent, pro- 25 
vides for visual observation of the wafers within the cart, 
the enclosure has. preferably, a side access to load and 
unload the wafers. A perforated metal base 3 with vibra- 
tion isolation absorbs travelling shock and provides a 
return air path to blower 4 supplying air to the filter 1 . 30 
The cart contains a power source and associated cir- 
cuitry 6. The cart is dimensioned to pass through and 
out of conventional clean room areas. Blower 4 blows 
the contaminated air through filter 1 , extracting the par- 
ticulates. The contaminated air is recirculated by blower 35 
4. 

In summary, whereas the aforementioned types of 
transports have proved to be adequate for some appli- 
cations by reducing the number of particles entering 
and/or recirculating within the confines of the container, 40 
they have proven inadequate for applications requiring 
at the very least a class 1 clean environment. This is 
particularly true for X-ray masks, wherein ultra-clean 
transportation and storage are of critical importance for 
preventing the mask membrane breakage described 45 
above. 

Additionally, a major problem associated with some 
prior art transport carriers resides in their ability to pro- 
vide only a stagnant environment with an air quality only 
as good as the air which is confined inside the container so 
once the door closes to the product. 

A further major problem associated with prior art 
carriers that recirculate air resides in their inability to 
prevent outside air from entering the carrier when 
opened, thereby contaminating the inside of the carrier 55 
and the product from the environment, or from contami- 
nants falling from the clothing of a person reaching into 
the carrier to remove the product 
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It is an object of the present invention to provide a 
technique which alleviates the above drawbacks. 

According to the present invention we provide a 
transport and storage carrier, comprising: a sealable 
box having an access door, said access door being 
sealed when said door is in a closed position; and air 
circulating means for creating a positive air pressure in 
said box and for circulating air in said box when said box 
is in its closed position. 

BRIEF DESCRIPTION OF TH E DRAWINGS 

The invention will be described in greater detail by 
referring to the attached drawings and description of the 
embodiment that follows: 

FIG. 1 is a schematic view of a prior art clean wafer 
transport; 

FIG. 2 is a perspective view of the transport con- 
tainer in accordance with a preferred embodiment 
of the present invention; 

FIG. 3 is a vertical cross-sectional view through the 
middle of the transport container shown in FIG. 2 
with the door closed; 

FIG. 3B is a vertical cross-sectional view through 
the middle of the transport container shown in FIG. 
2 with the door open; 

FIG. 4 is a top-down view of the filter/fan compart- 
ment shown in FIG. 2; 

FIG. 5 is a top-down view of the product compart- 
ment shown in FIG. 2; 

FIG. 6A is a schematic diagram of the damper 
mechanism activated by the door of the container 
with the door closed, and 

FIG. 6B is a schematic diagram of the damper 
mechanism activated by the door of the container 
with the door open. 

DETAILED DF^RIPTION O F THE INVENTION 

FIG. 2 shows a perspective view of the clean trans- 
port container viewed from the front and constructed in 
accordance with the preferred embodiment of the inven- 
tion. 

The transport container 10 includes a housing 
body, preferably in the shape of a box, with a removable 
top cover 20. The removable cover allows easy access 
to the major components of the container, such as the 
high efficiency particulate air (HEPA) or ultra-low partic- 
ulate air (ULPA) filter, chemical removal filter if included, 
fans and electrical wiring, all of which will be described 
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in detail hereinafter. Preferably, the box is 12" wide by 
14" deep and 10" high and, typically, weights approxi- 
mately 12 lbs., allowing an operator to carry it with one 
hand. Practitioners of the art will readily appreciate that 
the box size can be adjusted to allow a large variety of 5 
products to be hand carried. 

The box cover 20 is provided with a carrying handle 

50 thai folds down when not in use and a control area 

51 at the rear edge. The control area contains a battery 
recharging connector 52, a battery condition meter 53, w 
a pilot light 54, and an ON/OFF switch 55. The location 

of these controls is a matter of operator convenience. 

The door 30 is provided with a door pull 35 and a 
catch 37, and is permanently attached to the box, pref- 
erably, with a continuous hinge. It is important that the is 
door hinge and catch be positioned outside the door 
gasket 36 to eliminate any possible contaminants from 
entering the product compartment 11. It is also impor- 
tant that the door be mounted on a side face for 
improved cleanliness. In contradistinction, FIG. 1 show- 20 
ing a prior art carrier depicts a top mounted door that 
allows any contaminants to fall or be drawn into the 
product compartment. 

An acrylic door panel, typically 0.25" thick, provides 
visual observation and would typically be amber in col- 2s 
our for semiconductor product. A continuous door gas- 
ket 36 is fitted into a shallow groove routed into the face 
material around the container opening. The door gasket 
is non-shedding, typically silicone, and provides an air 
tight seal when the door 30 is closed. The gasket may 30 
be pressed fit or glued into place. 

FIGS. 3A through 6B illustrate several cross-sec- 
tional views of the internal construction and shows the 
relative positioning of the various elements that com- 
prise the clean transport container. More particularly, 35 
FIG. 3A shows a side view of the container through the 
middle. The internal volume of the container is subdi- 
vided into several compartments: the product compart- 
ment 1 1 to house items being transported or stored, a 
filter/fan compartment 10, a battery compartment 150, 40 
and the damper mechanism compartment 160. 

Within the filter/fan compartment 10 are located 
one or more fans 220, the HEPA or ULPA filter 200 t a 
chemical filter (not shown) attached to the top of filter 
200, and the filter mounting frame 210. Screws 21 1 hold 45 
filter 200 against filter gasket 212 making an air tight 
seal. 

Within the battery compartment 1 50 are located the 
rechargeable battery (not shown) and all wiring to the 
control block 51 and the fans 220. so 

Within the damper compartment 160 is located the 
damper assembly 500 which switches the air flow from 
recirculation with door 30 closed to once through with 
door 30 open. The damper control rod 400 provides a 
connection between the door 30 and the damper 55 
assembly 500. The damper assembly is shown in detail 
in FIG. 6Aand6B. 

The air flow pattern in recirculation mode is shown 



in FIG. 3A and in "once through air" mode when door 30 
is opened in FIG. 3B. While recirculating, air is forced 
through filter 200 by fan 220 into the product compart- 
ment 1 1 , then through return air slot 240 and back to 
fans 220 via air plenum 222. In "once through" mode, 
FIG. 3B, damper assembly 500 opens, preventing air 
from moving through slot 240. Air is drawn from outside 
air port 241 through plenum 222 to fans 220. through fil- 
ter 200, into product compartment 11, and finally out 
door 30. Positive air pressure (i.e., air is pushed out- 
wardly) is maintained in the product compartment rela- 
tive to the outside, preventing undesired outside air from 
entering through the access door. 

Referring now to FIG. 4, there is shown ,a top view 
of the inside of the filter/fan compartment once the con- 
tainer top has been removed. A filter frame and housing 
210, preferably made of stainless steel or anodized alu- 
minum, holds the HEPA or ULPA filter 200 and filter gas- 
ket 212. Preferably, screws 211 tightened by hand 
pressure seats filter 200 against a gasket seal 212. 
Fans 220 are mounted vertically on the partition sepa- 
rating the battery compartment 1 50 from the filter/fan 
compartment 10 and in communication with air plenum 
222. 

The position of the filter with respect to the product 
is of prime importance. By placing the filter over the 
product, smooth laminar air flow can be achieved. In 
contradistinction, prior art transport earners as in FIG. 1 
utilize horizontal air flow that generate turbulence as the 
air impacts the side of the product. Smooth air flow is 
important to delicate parts such as X-ray lithography 
mask membranes. 

The preferred embodiment provides an active air 
flow by utilizing a particulate filter and the two fans, gen- 
erates an air flow of approximately 14 linear feet/min 
and more than 2,000 air changes per hour. 

Referring now to FIG. 5. there is shown a horizontal 
cross-sectional view of the product compartment of the 
container. To properly hold X-ray masks, an area 
approximately 7.5 inches in diameter is surrounded by a 
set of eccentric mounted pins 400 allowing for adjust- 
ment when holding an X-ray mask. Other pin locations 
or holders for different products may also be used. 

FIGs. 6A and 6B represent a schematic diagram of 
the damper mechanism 500 located in the damper com- 
partment 160 of FIG. 3 A. FIG. 6A shows the damper in 
the closed position, whereas FIG. 6B shows it in the 
open position. In FIG. 6A, when the door 30 is closed to 
recirculate the air, the door pushes rod 400 which is 
attached to damper activator 501 by set screw 502. Acti- 
vator return spring 503, attached at one end to activator 
501 , and at the other, to a convenient place inside th 
damper compartment, is under tension. Damper return 
spring 504, being attached at one end to activator 501 
and at the other to damper 505. pulls and holds damper 
505 closed, allowing air to be drawn through slot 240 
into plenum 222. Damper 505 is mounted to hinge 506, 
of which one end 507 is fixed. 
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Referring now to FIG. 6.BA, when door 30 is 
opened for "once through" mode, return spring 503 pulls 
activator 501 forward which in turn pushes damper 505 
open. Damper 505 then blocks air from moving through 
slot 240. Note that outside air port 241 in FIG. 3B and 
the slot 51 1 that activator 501 in FIG. 6B extending into 
both, are approximately 3/4 the width of plenum 222, as 
seen from FIG. 4. 

Claims 

1 . A transport and storage carrier, comprising: 

a sealable box having an access door, said 
access door being sealed when said door is in 
a closed position; and 

air circulating means for creating a positive air 
pressure in said box and for circulating air in 
said box when said box is in its closed position. 

2. The transport and storage carrier of claim 1 further 
comprising filtering means for filtering said circulat- 
ing air. 

3. The transport and storage carrier of claim 2, 
wherein said filtering means are positioned over a 
product to be transported. 

4. The transport and storage carrier of claim 2 or 3, 
wherein said filtering means is a chemical filter pro- 
viding chemical filtration. 

5. The transport and storage carrier of any preceding 
claim, wherein said air circulating is controlled by 
means of a damper. 

6. The transport and storage carrier of claim 5, 
wherein said damper is rigidly attached to a frame, 
said frame being attached to said box. 

7. The transport and storage carrier of claim 5, 
wherein said damper faces said access door. 

8. The transport and storage carrier of any preceding 
claim, wherein said air circulating means is at least 
one fan. 

9. The transport and storage carrier of claim 8, 
wherein said at least one fan is powered by a bat- 
tery. 

10. The transport and storage carrier of claim 8, 
wherein said at least one fan is powered by an 
external power supply. 

1 1 . The transport and storage carrier of any preceding 
claim, wherein said positive air pressure forces fil- 
tered air through said access door, when said 
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access door is open. 

12. The transport and storage carrier of any preceding 
claim, wherein said circulating air switches to once 
through air when said access door opens. 

13. The transport and storage carrier of claim 12, 
wherein said once through air reverts to said circu- 
lating air when said access closes. 

14. The transport and storage carrier of any preceding 
claim further comprising: 

filtering means for filtering said circulating air. 

15. The transport and storage carrier of claim 14, 
wherein said filtering means is selected from the 
group consisting of an HEPA air filter and an ULPA 
air filter. 

16. The transport and storage carrier of claim 14 or 15, 
wherein said filtering means is horizontally posi- 
tioned and placed over a product to be transported, 
and is rigidly attached to said frame. 

17. The transport and storage carrier of claim 14, 
wherein said circulating means is at least one 
brushless fan. 

18. The transport and storage carrier of claim 17, 
wherein said brushless fan is powered by a battery, 

19. The transport and storage carrier of claim 18, 
wherein said battery is rechargeable. 

20. The transport and storage carrier of claim 17, 
wherein said fan is powered by an external power 
supply. 

21. The transport and storage carrier of claim 16, 
wherein said product is attached to said box by fas- 
tening means. 

22. A carrier for the transport and storage from a first 
clean environment to a second clean environment 
passing through a less clean environment, the car- 
rier comprising: 

a box having an access door, said door being 

sealed in a closed position; 

at least one fan inside of said box; 

at least one air filter; 

a power source coupled to said at least one 
fan; 

characterized in that said at least one air 
filter is securely held in position over a product 
to be transported by a frame placed horizon- 
tally inside of said box; and 
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a damper mechanism operating said access 
door to inhibit outside air from entering the con- 
tainer when said access door opens. 

23. The carrier of claim 22, wherein air circulates within s 
said box, when said access door is closed, and said 
circulating air converts to once through air when 
said access door opens. 

24. The carrier of claim 22, wherein said Ian creates a 10 
positive flow, forcing air out of said box when said 
access door opens. 

25. The carrier of claim 22, 23 or 24, wherein the 
damper mechanism is connected to a damper acti- 15 
vator. 

26. The carrier of claim 25, wherein said damper acti- 
vator is connected to said access door, such that air 

is switched from a recirculating mode with said 20 
access door is closed to once through air mode 
when said access door opens. 

27. The carrier of claim 25 or 26, wherein said connec- 
tion between said damper mechanism and said 25 
damper activator is an elastic attachment. 

28. The carrier of claim 27, wherein said connection is 
a pivotal rod. 

30 

29. The carrier of claim 27, wherein said connection is 
a spring. 



35 



40 



45 



50 



BNSDOCID: <£P 0854498A1 J_> 




FIG. 1 

(Prior Art) 



EP 0 854 498 A1 




tzf U 854 498 A1 




10 



!'"['■' 

I' 
I 

E 



BNSDOCIO: <BP 0854498A1J_> 



EP 0 854 498 A1 



s ii ii ii ii ii nil ii ii ii ii ii ii it ii lunnr 





I 





211 



"1 



211 




r r ? 



210-^ 



211 



I...-.—-. — — — _ — _ j 



\ L . i i 



220 




211 



I 
I 
I 

J 



z 




212 220 



;/ // // // // // // // // // ii ii ii ii innnr 




in 



FIG. 4 



tP 0 854 498 A1 



II II II II II II II II II II II II II II II II II Ilft MJI II II \ 



400 




V 



\ 



\ 



400 






400 



) 




400 






/; n ii ii ii n ii n i i n ii ii n ii n ii int 




222 



nrrm 



FIG. 5 



* 



s 



< 



12 



» (1 



tfy ... 



EP 0 854 498 A1 




European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application Number 

EP 97 30 9745 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



A 
A 



o 



3 

8 

s 



8 



Citation of document with indication, where appropriate, 
of relevant passages 



PATENT ABSTRACTS OF JAPAN 

vol. 095, no. 002, 31 March 1995 

-4 JP 06 318631 A (KAWASAKI STEEL CORP), 

15 November 1994, 

* abstract; figure 1 * 



PATENT ABSTRACTS OF JAPAN 

vol. 014, no. 297 (E-0945), 27 June 1990 

-4 JP 02 096348 A (FUJITSU LTD; OTHERS: 

01), 9 April 1990, 

'* abstract; figures 1-5 * 



PATENT ABSTRACTS OF JAPAN 

vol. 015, no. 241 (E-1080), 21 June 1991 

-4 JP 03 076248 A (FUJITSU LTD), 2 April 

1991, 

* abstract; figure 1 * 

EP 0 593 366 A (COMMISSARIAT A L'ENERGIE 
AT0MIQUE) 

* abstract; figures 1,3 * 

* column 3, line 51 - column 4, line 6 * 

* column 6, line 6-30 * 



The present search report has been drawn up for all claims 



Place of search 

THE HAGUE 



Relevant 
to claim 



1-3,8, 
14,16 



17,22 

1,2,8,9, 
14 



17,18,22 

1-3,8, 
14-17,22 



1,2,11, 
14,22 



Oate of completion of the search 

31 March 1998 



CLASSIFICATION OF THE 
APPLICATION <lnt.CU) 



H01L21/00 



TECHNICAL FIELDS 
SEARCHED (lnt.Ct.6) 



H01L 



Examiner 

Oberle, T 



CATEGORY OF CITED DOCUMENTS 



X : particularly relevant if taken alone 

Y : particularly relevant if combined with another 

document of the same category 
A : technological background 
O : non-written disclosure 
? : intermediate document 



T : theory orprincpta underlying the invention 
E : earlier patent document, but published on, or 

after the filing date 
O : document cited in the application 
L : document cited lor other reasons 



& : member of the same patent family, corresponding 
document 



THIS PABi BLANK (uspto) 



Mi 



